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Background The pronator quadratus (PQ) muscle is an important and commonly
encountered structure in surgery of the wrist. A thorough understanding of the
anatomy of the PQ and the anterior interosseous nerve (AIN), which innervates the
PQ, is important, particularly during distal radius fracture osteosynthesis and distal AIN
transfer to deep branch of the ulnar nerve. Furthermore, there is a paucity of literature
regarding sex differences in the morphology of these structures. We describe the
morphology of the PQ and AIN and compare PQ and AIN findings in male and female
specimens.

Methods Twenty-five cadaveric upper extremities underwent loupe-aided dissection
of the volar forearm with identification of the AIN and PQ. A digital photograph taken
perpendicular to the volar surface of the forearm was used to measure the PQ and assess
AIN morphology using Image) (National Institutes of Health; Bethesda, MD). Compar-
isons between male and female specimens were performed.

Results Of the 25 specimens, 84% appeared as a single trapezoidal muscle bundle, with
the remaining 16% demonstrating a double-bundle morphology. The PQ was a mean
3.8 + 0.5 cm in radial-ulnar width and 4.6 + 0.7 cm in proximal-distal length with a mean
thickness, area, and volume of 0.6 + 0.2 cm, 18.2 & 4.8 cm?, and 10.5 + 3.7 cm>,
respectively. The PQ branch of the AIN was a mean 3.8 & 1.1 cm long and had a mean
diameter of 1.4 + 0.2 mm. Male specimens demonstrated significantly greater radial-ulnar
width (p = 0.005), area (p = 0.006), and volume (p = 0.033) of the PQ, as well as a greater
distance from the radial styloid to the distal arborization of the AIN (p = 0.005) compared
with female specimens.

Conclusions The current study informs hand surgeons of the morphologic variability
and sexual dimorphism of the PQ and AIN and may help guide operative planning.

The pronator quadratus (PQ) muscle is an important and
commonly encountered structure in surgery of the wrist. The
muscle is often trapezoidal in shape and is composed of two
distinct heads: the superficial head and the deep head.'~3 The
superficial head has been reported to be the predominant
muscle functioning in pronation, with the deep head serving
as a dynamic stabilizer of the distal radioulnar joint (DRUJ).*
The PQ is innervated by the anterior interosseous nerve (AIN),

a branch of the median nerve also supplying motor innerva-
tion to the flexor digitorum profundus (FDP) and flexor
pollicis longus (FPL) muscles.

A thorough understanding of PQ and AIN anatomy is
important, particularly during distal radius fracture osteo-
synthesis and distal AIN transfer to deep branch of the ulnar
nerve. Furthermore, there is a paucity of literature regarding
sex differences in the morphology of these structures. The

Copyright © 2015 by Thieme Medical
Publishers, Inc., 333 Seventh Avenue,
New York, NY 10001, USA.

Tel: +1(212) 584-4662.

DOI http://dx.doi.org/
10.1055/s-0035-1556858.
ISSN 2163-3916.

183

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


mailto:RichardHindsResearch@gmail.com
http://dx.doi.org/10.1055/s-0035-1556858
http://dx.doi.org/10.1055/s-0035-1556858

Fig. 1 Photograph of the volar forearm displaying the area within the
dashed line approximating the area of the pronator quadratus as
measured with Image]. Note also that in this specimen the green pin
indicates the radial styloid, the red pin indicates the volar lip of the
scaphoid facet, the blue pin indicates the volar lip of the lunate facet,
the black pin indicates the ulnar styloid, and the orange pin indicates
the location of the AIN as it passes the proximal border of the PQ.

purpose of this investigation was twofold: (1) to describe the
PQ dimensions and proximity to important anatomic land-
marks as well as to report the course of the AIN as it
innervates the PQ, and (2) to compare PQ and AIN findings
in male and female cadaveric specimens. We believe such an
anatomic study will be helpful in guiding PQ incision and
reflection for surgical exposure in distal radius fracture
fixation as well as in harvesting the AIN for ulnar nerve
motor branch transfer procedures. Hand surgeons may also
find our quantitative analysis of the sexual dimorphism of
these structures to be helpful for operative planning.

Materials and Methods

Twenty-five preserved left upper extremities from donated
cadaveric specimens were examined in this investigation.
Mean age of the donors at the time of death was 81 years
(range, 48 to 100). Fourteen donors were male and eleven
were female. The specimens were disarticulated at the elbow
and underwent loupe-aided dissection of the volar forearm
with identification of the AIN and PQ. A digital photograph
taken 15 cm above and perpendicular to the volar surface of
the forearm was used to perform measurement of the PQ
using the advanced imaging program Image] (National In-
stitutes of Health; Bethesda, MD). Image] has been utilized in
multiple orthopaedic investigations to quantify area via
image capture.””’ It uses a known distance captured in the
image (such as a ruler), which allows for calibrated assess-
ment of distance and area by measuring the number of pixels
outlined in the image as the region of interest (~Fig. 1).”
Anatomic points of interest were marked with pins under
direct visualization and included the radial styloid, ulnar
styloid, and volar lip of the scaphoid and lunate fossa of the
radius. Additionally, the AIN and branch points as well as the
proximal and distal articular portions of the ulnar head were
explored. The thickness (measured on a slice taken from the
center of the PQ) and the proximal-distal and radial-ulnar
dimensions of the PQ were also assessed. Volume was calcu-
lated by multiplying the area by the thickness. Comparisons
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Fig. 2 Photograph of the volar forearm demonstrating an example of
a PQ with a single-muscle-bundle morphology.

between male and female specimens were performed using
Wilcoxon/Kruskal-Wallis tests and Pearson ¥ tests to analyze
continuous and categorical data, respectively. The level of
significance for all tests was p < 0.05.

Results

The PQ appeared as a single trapezoidal muscle bundle, with its
tendinous origin located along the volar surface of the ulna, in
84%(21 of 25) of the specimens (~Fig. 2). The remaining 16% (4
of 25) demonstrated a double-muscle-bundle morphology,
with the distal bundle’s tendinous origin located on the volar
surface of the ulna and the proximal bundle’s tendinous
portion originating from the volar radius (~Fig. 3). The PQ
was a mean 3.8+ 05 cm in radial-ulnar width and
4.6 + 0.7 cm in proximal-distal length. Mean PQ thickness,
area, and volume were 0.6 + 0.2 cm, 18.2 + 4.8 cm?, and
10.5 + 3.7 cm?, respectively. The distal border of the PQ was
amean 1.2 cm + 0.2 from the radial styloid, 0.8 + 0.2 cm from
the scaphoid facet, 1.1 & 0.4 cm from the lunate facet, and
1.2 + 0.3 cm from the ulnar styloid. The radial aspect of the
distal border of the PQ was directly adjacent to the origin of the
volar radiocarpal capsule. The proximal and distal borders of

Fig. 3 Photograph of the volar forearm demonstrating an example of
a PQ with a double-muscle-bundle morphology.
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Table 1 PQ data summary
Measurement Units Total Males Females p Value
(n = 25) (n = 14) (n=11)
Radial-ulnar length (SD) cm (0.5) 4.0 (0.3) 3.6 (0.5) 0.005
Proximal-distal length (SD) cm 4.6 (0.7) 8 (0.8) 4(0.4) 0.250
Thickness (SD) cm 0.6 (0.2) 0.6 (0.2) 0.6 (0.1) 0.720
Area (SD) cm? 18.2 (4.8) 20.4 (5.1) 15.3 (2.3) 0.006
Volume (SD) cm?® 10.5 (3.7) 11.8 (4.0) 8.7 (2.5) 0.033
RS to PQ (SD) cm 1.2 (0.2) 1.2 (0.4) 1.1(0.2) 0.380
SF to PQ (SD) cm 0.8 (0.2) 0.8 (0.2) 0.8 (0.2) 0.700
LF to PQ (SD) cm 1.1 (0.4) 1.1 (0.1) 1.1(0.9) 0.260
US to PQ (SD) cm 1.2 (0.3) 1.2 (0.4) 1.1(0.2) 0.320
PU to PQ (SD) cm 0.2 (0.1) 0.3 (0.1) 0.2 (0.1) 0.337
DU to PQ (SD) cm 0.7 (0.2) 0.7 (0.2) 0.7 (0.3) 0.956
Double bundle PQ (%) N/A 4 (16) 2 (14) 2(18) 0.792

Abbreviations: DU, distal articular surface of ulnar head; LF, lunate facet; PQ, pronator quadratus; PU, proximal articular surface of ulnar head; RS,
radial styloid; SD, standard deviation; SF, scaphoid facet; US, ulnar styloid.

the articular surface of the ulnar head were a mean
0.2 + 0.1 cm and 0.7 + 0.2 cm from the ulnar aspect of the
distal PQ border, respectively. Male specimens also demon-
strated significantly greater radial-ulnar width (4.0 cm vs
3.6 cm; p = 0.005), area (20.4 cm? vs 15.3 cm?; p = 0.006),
and volume (11.8 cm® vs 8.7 cm?; p = 0.033) of the PQ
compared with female specimens. There was no statistically
significant difference in PQ bundle morphology between male
and female specimens. PQ data are summarized in ~Table 1.

After giving off distal branches innervating the FDP and
FPL, the AIN traveled a mean distance of 2.2 & 0.9 cm before
reaching the proximal border of the PQ. Along with a branch
from the anterior interosseous artery, the AIN first courses
between the deep surface of the PQ and the interosseous
membrane. It then branches at a mean 1.7 + 0.8 cm distal to
the proximal PQ border before penetrating the deep surface of
the PQ. This in total confers a mean AIN distance of

Table 2 AIN data summary

3.8 £ 1.1 cm from the distalmost FDP/FPL branches to the
distal arborization at the level of the PQ. The mean diameter
of the AIN as it passed the proximal border of the PQ was
1.4 £ 0.2 mm. The distal branch point of the AIN on the PQ
was found a mean 5.5 + 0.6 cm from the radial styloid,
4.8 +£ 0.6 cm from the scaphoid facet, 4.2 4+ 0.6 cm from
the lunate facet, and 4.2 + 0.5 cm from the ulnar styloid.
The distance from the radial styloid to the distal arborization
of the AIN was significantly greater in male specimens than in
female specimens (5.8 vs 5.2 cm; p = 0.005). AIN data are
summarized in =Table 2.

Discussion

The purpose of this study was to describe the morphology
and anatomic features of the PQ and AIN as well as to
compare findings in male and female specimens. In our

Measurement (cm) Total Males Females p Value
(n = 25) (n = 14) (n=11)
AIN proximal branch to PQ (SD) 2.2 (0.9) 2.3(0.8) 2.0 (0.9) 0.311
PQ to AIN distal branch (SD) 7 (0.8) 1.8 (1.0) 1.5 (0.4) 0.600
AIN proximal-distal length (SD) 8 (1.1) 4.1 (1.1) 3.5(1.0) 0.198
AIN diameter (SD) 1(0.0) 0.1 (0.0) 0.1 (0.0) 0.955
RS to AIN distal branch (SD) 5 (0.6) 5.8 (0.5) 5.2 (0.5) 0.005
SF to AIN distal branch (SD) (0 6) 5.0 (0.6) 4.6 (0.5) 0.100
LF to AIN distal branch (SD) 2 (0.6) 4.4 (0.7) 4.0 (0.5) 0.147
US to AIN distal branch (SD) 2 (0.5) 4.4 (0.6) 4.0 (0.4) 0.139

Abbreviations: AIN, anterior interosseous nerve; LF, lunate facet; PQ, pronator quadratus; RS, radial styloid; SD, standard deviation; SF, scaphoid facet;

US, ulnar styloid.
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study, 84% of the specimens consisted of a single muscle
bundle originating from the volar surface of the ulna, with
the remaining 16% demonstrating a double-bundle morphol-
ogy. Our findings are supported by previously published
studies. Stuart performed dissection and assessment of 40
cadaveric forearms and found that 20% of his specimens had a
PQ with a double-muscle-bundle morphology.* To the con-
trary, Sakamoto et al found a multiple-muscle-bundle mor-
phology of the PQ in 32 of the 40 forearms examined in their
study.? Furthermore, Johnson and Shrewsbury as well as
Macalister have described the variable morphology of the PQ,
though neither reported the incidence of single-trapezoidal-
bundle or double-bundle PQ morphologies in their respec-
tive studies.’8

Few prior investigations have evaluated the anatomic
dimensions of the PQ as a whole and its relationship to the
volar wrist. In a clinical study by Lo and Cheng, the PQ was
measured at the time of open reduction and internal fixation
for the treatment of 52 distal radius fractures.® The authors
reported an average proximal-distal PQ length of 3.72 cm,
scaphoid fossa-distal PQ edge distance of 1.76 cm, and lunate
fossa-distal PQ edge distance of 1.62 cm. However, interpre-
tation of findings reported in that study may be limited by
anatomic distortion secondary to the distal radius fracture.
Takada et al performed a cadaveric study and found an
average proximal-distal PQ length of 3.54 cm and an average
distance from the distal PQ edge to the radiocarpal joint of
1.66 cm among 10 cadaveric forearms.'® In our study, the PQ
was a mean 3.8 cm in radial-ulnar length and 4.6 cm in
proximal-distal length, with the distal border of the PQ a
mean distance of 0.8 cm from the scaphoid facet and 1.1 cm
from the lunate facet. The etiology of the discrepancy in
measured values between our study and the former inves-
tigations is likely multifactorial. Our study utilized a validated
advanced imaging program to perform digital measurements
of the PQ instead of calipers used in the other studies.
Additionally, variation in the size of the PQ and other ana-
tomic structures may be dependent on the population from
which the patients were recruited or cadaveric specimens
donated.

The location of the distal border of the PQ has important
anatomic implications. In our study, the radial aspect of the
distal PQ border was directly adjacent to the origin of the
volar radiocarpal capsule, while the ulnar aspect was found to
overlay the proximal third of the ulnar head. Damage to the
capsule may lead to instability and pain, as volar capsuloli-
gamentous structures have been shown to be integral to
radiocarpal stability.'"'? As such, we recommend incising
the distal PQ at the immediate distal edge, just slightly within
the muscle substance, to avoid capsuloligamentous damage
while obtaining exposure for fixation of distal radius
fractures.

In the current study, we found a mean AIN diameter of
1.4 mm as it traversed the proximal border of the PQ and a
mean length of 3.8 cm from the distalmost FDP/FPL branches
to the distal AIN arborization. AIN diameter presented in the
literature is comparable to our findings, with reported values
ranging from 0.8 to 2 mm.">~'° Regarding length, we believe
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an AIN length of 3.8 cm is feasible for utilization for ulnar
nerve motor branch transfers based upon findings by Ustiin
et al.'® The authors of that cadaveric study reported an
average distance of 1 cm between the AIN motor branch to
the PQ and the motor branch of the ulnar nerve at the level of
the dorsal sensory branch. Furthermore, they conclude that
the AIN motor branch to the PQ is the distalmost level of the
AIN suitable for distal AIN transfer to motor branch of the
ulnar nerve and is in close proximity to the ulnar nerve motor
endpoints.

Our results also indicate sexual dimorphism of the PQ
and AIN. Male specimens had significantly greater radial-
ulnar width (p = 0.005), area (p = 0.006), and volume
(p = 0.033) of the PQ, as well as a greater distance from
the radial styloid to the distal arborization of the AIN
(p = 0.005), compared with female specimens. Sex differ-
ences in the morphology of the PQ have also been reported
in the literature. Sato et al found a significantly thicker PQin
men as compared with women in their study examining the
sonographic appearance of the PQ in 30 healthy volun-
teers.'” These findings suggest that PQ reconstruction after
distal radius fracture fixation may portend a greater chal-
lenge in female patients because of their generally smaller
PQ. This has particular impact because women account for
the largest proportion of distal radius fracture surgical
patients.'®

There are limitations to the current study. First, as with
any cadaveric investigation, tissue characteristics in our
study likely vary from those seen intraoperatively. Next,
use of advanced imaging software for two-dimensional
quantitative analysis of three-dimensional structures
may only approximate dimensions. However, image distor-
tion was mitigated by taking the digital images directly
above and perpendicular to the volar forearm exposure.
Finally, unilateral dissection and analysis of the specimens
in our study may reduce the generalizability of our findings.
However, our study serves to improve understanding of the
PQ, distal AIN, and sexual dimorphism related to these
structures.

In conclusion, our study has reported the dimensions of
the PQ and its proximity to important anatomic landmarks of
the wrist. We have found the PQ to be a morphologically
variable muscle featuring either a single-muscle-bundle or a
double-bundle-morphology. Our findings may serve as help-
ful references for obtaining surgical exposure through the PQ
during operative fixation of distal radius fractures as well as in
ulnar nerve motor branch transfer procedures using the distal
AIN. Our study also quantitatively demonstrates the sexual
dimorphism of the PQ and AIN.
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